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Abstract (Basic): EP 913508 A2 

NOVELTY - Carbon nanotube device comprises a carbon nanotube bound 
at its root end to a conductive surface and surrounded at its root end 
by a wall. 

DETAILED DESCRIPTION - A carbon nanotube device. comprises a carbon 
nanotube bounded at one end to a conductive substrate, the root of the : 
nanotube where it is bounded to the substrate being surrounded by a 
wall. Preferably the nanotube is grown from a catalyst particle 
deposited on the conductive substrate which is in direct conductive . 
contact with the substrate, or forms a tunnel junction with. the 
substrate via an. insulating layer. Method for forming the device, r 
comprises: forming carbon nanotube binding sites isolated from each 
other by walls on a conductive substrates; and growing the rianotubes at 
the sites. 

USE - As an electron emitting device (claimed) for a display 
device, CRT etc; or as, a quantum effect device, micro-machine, 
bio-device or as an atomic force microscope probe or scanning type 
tunnel microscope p^pbe. 

ADVANTAGE - The device has high directivity and provides high .. 
electron emission. 

DESCRIPTION OF DRAWING (S) - The drawing shows a carbon nanotube 
device of the invention. 

Support substrate (20) 

Conductive surface layer (21) 

Catalytic fine particle (23) 
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Carbon nanotube (24) 

Wall surrounding the root of the nanotube (22) 
pp; 30 DwgNo 5A/15 

Technology Focus: 

TECHNOLOGY FOCUS - INORGANIC CHEMISTRY - Preferred Carbon Nanotube 
Device: The catalyst particle is a metal, preferably cobalt, nickel or 
iron of particle size l-100nm preferably 2-50nm, deposited by ac ; 
electrodeposition. The insulating wall is formed of alumina and 
comprises an anodic oxide film formed from an aluminum thin film formed 
on the substrate. The substrate material includes at least one of 
titanium, zirconium, niobium, tantalum and molybdenum which may form a 
conductive bridge between the. catalyst particle and the conductive 
substrate. The insulating wall may alternatively contain silicon. The 
device comprises multiple nanotubes. Preferred Methods: The nanotube is 
grown from a catalyst particle deposited at the binding site. An Al - 
film is deposited on the substrate and anodized and a narrow hole is 
formed in the resulting alumina film, either partially through the film 
or fully through the film to the conductive substrate. A catalyst 
particle is deposited in the hole and the nanotube is grown from the 
catalyst. The substrate is annealed in H2 and/or an inert gas at-';.- 
200-1100degreesC for 5-60 minutes prior, to deposition of the catalyst 
particle. The substrate may alternatively be formed of low-resistance 
silicon, the narrow hole being formed in the substrate by lithographic 
patterning. The nanotube is grown from methane, ethylene, acetylene," 
carbon monoxide or benzene and hydrogen at a pressure of 500-3000Pa and 
temperature 400-800degreesC . 
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■c#i'.. . .,.v . . ; . .. 

[0036 ] 4 L'Cdwi 5 ^*flCi*U*, 

i'i'. *m&tixm*Mmmiitzf$x&ftm 20 

[ 0 0 3 7 ] 4fcfc|i«*t^5*t» L<l±y «J3 y£ 
k£*. ' , 

[00381 3immMm&. smmzmznx 

3^^jfeMB^L^>jBB»^«t^iB^^^'rt-^^^ jfe^;*==iwHiHif*iiifeN.-.-«t> 
[ 0.0 3; 9 i$$j&C*M*<&^£fy>t* m. 

i)*&&Cx^t> k«- ■ 
m£&&t&Cx}\mW:VX'%<X , ,!§&l£#,L 
r f" y &i^k4;Vc ^-^y^y f a-r^itt 



#^¥1 1-194 134 
1 2 

y+yf- J .-r*^«tt^fflfc#ia^ritt:^-^$ii-cv> 

[0 04 0] 

[0 041] 02 1(a) ~ (d) W®3 (a) > 

(d) Ji«.^*^t*^s*^^y^yf-A-rr^ 
^T#-tfy-f y-f *-:Tkli. *-^y«:±^k-t 

mmxt>^>x: mzimmmmmw 1 AmaK 

[0042] H2fttfB3.itfHvt % 2,014^. 2 1 
11SK2 0<0^tt*B8iaWW-si.. .2 4f±MW«1t 

Sffi^grii^iit^sitT^s^-^v^y^^- 
r; 2 3«is*~'i<y^y^a-yki$#mtt^fflfc>) : 
Mzbzmmm.?. % Cx 2 2*i#-* y^-y^-a : 

-72 40^tt^ffl 2 1 JS**** (root) 
[004 3] H2 (a) <i. Sft20±tfe«tfc^1| . 

mtzm 2 1 c^®c{i«i@{as^ 2 3^ Ix 
4<yt/^^-y 2 4 m&ztixa *) r^-*'yt^ 

f-^-/2 4^€ft^ffi^^^W4KS2 2tpJ: ; ; 
oTHi.ii-CV^S. . ; .. v . 

[ 0 0 44 ] 02 ( b ) um2 0 ^m^&^MZ 

^yty ^ A-y* { ^ur-tJ o.. *-r^Mt^*- : 
^2 4 <^nmm^^$mii$&2 ? i * ^ t » ' 

[0045] *fc v .H2 (c) {4RH22k^tt^S 
*^-SS*2 0 tp?g2 2k^^*^4^^*» 

[ do 4 61 JiiE»wW*-^yt : /^-^--? r fc#S; 
[0 0 4 ;71 03{i#-#yty +*—7tg h ^^S?. 

[ 0 0 4 8 ] 03 ( a )' ii^comm&&ffii:ttfct& : 
M2 i co±tc^ffiMft«^e»Ji3 5* { «> 0 . -e«o± 

^-^yi-y^p.-7 r ^fiL?v^M^LT*&. : 

03, ( b ) J4I&SJI3 5*^#y±y^>— 

zmmtw&ommuz ttx \ >£ wc*-9 , e 
3 ( c )itm£mmimitL-t&®2.i<?)mmi)i<tZ}ii 



( 

13 

\z.(r>x-mm 3 5 tftt&sjvo o ; mi 
( d ) «ia«t2 o , mmimwzKfcr&mi i / 

10 0 4 9] <r*UoWTli:£TK y*/M$£i*^L 

( b ) ws ( c ) ^ffl«-c^«.if^ «fi2 2<wm!wz 

2 2 fc*Sft^iBiX(i^lgtt«M^^kti £ i 
TfcWtCfe*.-' y;" 

[o 0 5 0] ^<r>m2Rxm3\z^t^m±-mth 

■ts« 2 1 ±izm&zti£mmx'i> o ^jg^-eii* 20 
ke^2 2 zmhx^h. ftxssiimmMtiz-B 

fi&fctpfi^7;23j^»tfcfu 

->x: miMmiznt^iz^utx^iy/^s 3iz ' : 

[ 0 0 5 i;i H9(0^^-^>^/^i^^AVx 50 

km?£ftCxm%zititvxti') , zhttMy? - 
1 66 5 2 ] i^«ii^^t=»Ta*2 0 tpiuT, ' ' 

Wiimi ( a ) ^1^103* < l a ) v ^ : ( c ) ^M9k 

^imn\ih^z{i:^^y^/4{k^m^ 40 
<^iig2 2V)£i&^^ 

[ 6 0 ! 5 3 ]^ycH2 ( b ) •? ( c )' . 02' ( d ) j&H • 
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xm^tix^hzb tfiit 'u». zzx-is*) izyz± 

ft b tf>tfftt l±, 0§i.{f is 'J n y / mtis 'J ny&tf 
mt^)zi> (si c ) m>t>&tiKZ'J>*j:<ki>li 

{ 0 0 5 5 i zcoi. 0 *k-7V>$i& 

tf-HRfi^r 7 * K j> V ^ 7 4 •y ^7t3-bX-^-f^8 
W^<6^^£^^y^mz^xi^^iLt 1 

&m&m^<n#i*f$£fmx'Jt!i*)m*-. 
mmx-fim2tit:£o%m& (H5#sg> <na^ 

( A l ) o^^btri^-c^^tiST/us^ 
s/'J ( S i frim&talttzi 'jX^tih>->J tjy 

LiKimfcisOziy^tfimizm^hiiz. 
[0056] a i vffitmmitu: muf i'z.vmv) '■■ 
wmn-A 1 p t mzm&t 146 vms<5^' 

S2rEpJijUTAl<?)^iS2rgKl:-f5^a-c*S. Zihjj 
ffi-Cli, A 1 ^E^Bg^qBcnm-^Sl 0 nmOiHBTL 

[ 00 57 ] wmmmimizTii'S.z.'jmm&B ■ 
ha 1 :<oKifis^l I TJisi+m > (cj^ftSiiSiWArt" 4 -- 

y (Ti ) . V/la-VA. (Zr), -^7* (Nb) ? : 
?y9&> (Ta) . % V 7t>- (Mb ) % ffl ( C u ) & 
X/mS iZ n ) frt>&titl&$-%< t i 1 
tfJt; W{=liN'b^^4JiT^tSw kimt I 

[ o o 5 ; 8 ] Kij^, zomm®Tm&mm&&i 
mwrnkLii*) :M£&$t\$ fr&m&tx 'tio'zf 

[oo5 9] i<o i 5tt®x^$mk£mjMC 

&mt*m2 ltnfSHzifffi-iTfrs. i-mwCm 

9 3 zhtirtt Z k#X$ :i 

h. iLXi0)^9 3C±«H15 3<Dg&fcgrt:tt^ffi 
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LAV 

{ oo 6 0ht*z, s i oRftflafcti^KWi-cs 

i ^iil^ffikXta 1 0 mA/cml <7) 

mmmn&t'h iTz<fymz^xm \m eiz 
K$Miz : . u iia >i>t< umk 1 ) n >x%mm 

10061] -e^ x-mumfct ixmwB^ y r? y& 
« ( P SSL i . * ) ■ * • R« t . j^mmis y 3 yfflSSp 

[ 6,0 6,2 ] JJ^L^«fcA 1 CO^feKfll^S i^ft^,, 
*A-7*J*Jt*#Tfr<w fc#*f* U>. WLk IX 

m^hitnx'tmmvmi i/g± v mum < f 

e ) V .3K;U> .( C ? ): JUi^-y ( N i ,) *W4 

[0 06 3; 3 : fet«j@ait^0-9-'f XtL<l*«Utttt?- 
g#l nm-1 0 n.m v .^£{i2~50.nm<A^#ijf 

[006.4) ciwi^^»i : F^fL^art^ 

itfC oiSta^^fffltS^?*^ CoSQ 4 
• 7H 2 0=5%,,H3 BOs -2%0*&$4>TI&§ 
'©tliffli: ft ffl^S k ^fat 1 5Vm{£<?3c& ( 5 0 H 

[0065] m.^m^M^^hm^mt 

[006 6) z<o.mzlxtf&ziim&££^xM:n ■ 
witix\>£*m&m^L mmki: o-cEOHi 

tmsmth^ti^ti * .." %®yxtixitfi- 

#y £ £piJx<n%Zmw$&t*>*> • ..... • \. 
[0 o 6 7 ] Mi<f ^t>k^^^i>>> y . , 
x ? :< >p>f ^ , 7?yv ^y ? y./v*-*y . x> 
£y\' 7*4-vx.«^y*y, bji±-y. ^.?p£$M. 
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xf-zKr^-zk ^f-^T/l^-'k -g*Ht$t^# 
[0068] Zil^^X-®* LVMS*Hi^(*fO®a4 

w.smi Ami* <t 4 Kfl^a^&Sj 
[006 9] *)t*-^y->-y-f-i-7<7)fiS-c^^ 

io ^ftns^, i£ 

c o 07 o i <xti05t^F-r. *muzm*-:Xy? 
j xaw£it$ti~mim®iz^i\xm 

[0071 ] 05 ii ;v r;u s -t-^TL^ffl^Viaffi*-^ 

20 4^.05 (a) ^^IfSi^* 

A-attJbt;..'^!.. ZrV Nt?. Ta, Mo, Cugg 

xA-y^ y y*i£##if s>iu . , . .. ... ""; '"' : . 

[ oo 7 2.1 mzi A iz®,mifc? ttiMzm;^ , 
m\io. imvi'^mm&u* i7tiimi. 
tzizmtiMm. p t zm&t Cx:4 o vo®^^f , 
^sfc. Hiid.fc^-fidfc: *fc*jA i<r>$mtft&fc 

t tT. T i Zr.'N bV 'f'a^V>{jM'o^i'V^ii; 
^l?l|,..H 1Q. ( a ) fcr^tJ: pj^fiSHt^^it^"' 

^C^ja^(?{±. 131.0 (b) fc57;UvJ:-)fc. ^ 
JO , ^{c'ioT .. ja'2\ ffl SRXM 9 ^>#il*HC5S L/C* 
• [0073] ffli.l±\ «mai*T. i, Zr. Nb. , 

±uc^.. sis ( b ) :c^:t^i(c; if liam 
fcltzA 1 i!2 6Ji^co%§^i?i^tii$nxHh 
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* *-/t m wtm t if v y^miz x xmmJ 

[0074 ] ^/^mtt«Si5rT i , Zr , Nb; fa 
]£V .Hi Mo "CffllKL, t^mtt^ffifcJBjfc Lfe A 1 j&D 

3? {i£ Lfc I 3 K&iI&^Sifciffl7i 5 3/«>* 
&fc0JSW£AX9 3 kj&tttSZiiltfCi 4. 'zriKx 

[007 5 JiCT/^^jiRSnsa^^HB^T^ 

o , ■ * t^mMi < nv $ + ^Airim > 

TiV Z'r , Nb, f afttttiM d$) iWUSSP^T 
t % t ZlbilZ . f t-CTi. Z r;:Nb. TajfiV* 

t«B?L5 3 



S. , . 

[,00 7 7 1 * ttPpfejiiltSffl fJBTt^ 3 i: 
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Ht2 0 0-1 1 0 OXi, KlfSKl 5-6 QftWn* I 
W 

[0078 Ymmz&kmcu'tz »xm*i-j/k 

fcttJ B l 1 J^cfj: : 3fc. mn.5 3 ji^tt^ffltc^ 

ftkixmr&Seffx-t&i 

10 [ 0 0 7 9 ] C CTiSl^^^^^fc^sm^ 

i oo 8 o i ifcvvcffiie LximmuxfflL#£.im 

^ 1 02 , S3 ; * i\Atm^\z^Ltm^-^ 
y-ry^^y^f/^xtim^ixh . • ?'^ J 
[o o si'l^-^fi-y^iiic^ifi 

£f04(C-PV^lKBH-tl>. 04*4 UiRfS£8T* 

o, 4 2«±aft, 4 3mn&m&r'*>>)&&*^ 
coK&mmjrx^K w^&comitrx ^wxi-t isx 

30 [0082] 4 6li#X<7)ife ^ yt* , 

[ o^0X:0i^z^xW^Ct^a^x^t 
< :^*^^mm-s^^m<^sx'^x i 

40 ^itf^^xfexf-V^i|;IS^^^A^4 4*»£ 1 

6 s c t mmx u.&$im*rx a wtimifxnxx 

^J^SAp^im^ 10 s c t imSAbv ^ll^OJE 
^^f 0 0 0 : P ' a^Lf ; J |^t8# VTfc J:>)SM 7 

oo\Dfctt6b#itiRife^-if5; ; ir r ;: 

1 0 0 8 4 ] 'itigf fcitf #^L&^rK^#i:". 



t^imiz^^m^mm^m^^tx^S 

50 T^|fm¥&ajVSTM^<^*f4>M^y^ X- ^ 
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46. &mmco&%t ix tmmikxibt . ±<oa i mttmzmizmmitzti. z ftwrn, 
m-h., [0 09 3] ztz?)v-T®<nmmz.-o^x\± < #mtt 

[00 8 6] SHlrtl '. ,. ^H^A l.lS(iKfl:SiT^:i,WO, mU?l«LTV> 

< i) mtixm^^ti-hs L*;xJ\-mfc K.ffiRjtmt&itzm&&mfrX'%\w. mm±m 

fc«fc9Ti£E$ lO'b'nmfcittlU:, xn>v9>)y 10 ZimkLWfU&m%1\X L*-i>1z\><r)t%x.bi\ . ■ 
/jfcttti, RF^ : 4Q0W. Ar^*E : 5mm 4>. 

Tor rt Lft. Tifc'jftBU:^ Et&Sl*lT\ [0094] ( 2 ) S i ^xA-gftfijBfcT i JBL Z 

^-y>/ h£ A I igbX/N'-y 9 U >^*&fC r«, N b». .Ta«&tM o»*l«tfcB.5:«;< a ), 

t a i w miqgR t . ® s ( a > iz^tm izrfcmmmiM ( i ) t mmtz ixtm us. 

fcfmLft..' ' ' • ^^£&*0. 3Mf);^?i^K;rI«U 17 

[00.97 ) *fcT i ftR*;. 7 r , N b .. Ta, M XltCftfcLfc* *£f*&feff£v P •t.«rttttfctT4.Q 

o C u Z nV Pd i£UAu«Rfc*;l)y^UJb. . V^UffilrEnlBLTA i mmfctifi%^ *ftftl*< 

[0088] <l*i<otf)Sft5:&*0. - 3 M^Scl.^RS 20 ft. dtl^OSf*2r^;l"r-rffi«OSf*:t8TtS«r kfcf 1 

*rmh= 4 0 vo&e* Win i/c a I omhhi:* [0095] ^/y-r.sxom \z^>\ ^xm&m^m 

fr£->ft, 01 Ofc^LftJ: 5fc«ESMiifcJ: OftUEi.. JS^fflV^T.f <0.tf^?r»»f tfei: i 6... :50W-7<IX0£ 

mzA i c6m*imfcziwm{t&mimtz> . #t md$imm±<vr^ 

J^il^Ti JK...zIr^Nb«. .T aRat^Moit *lft^ti«£3;fc£a^ft 0 - - * 
£ Lft&*<^*»;:ovvCtt0 1 Oteflife ( a) X'kI I 0 0 9 6 ] , #£^-7<3>&tf ©(^gftfcOV >-C » 

<ft«t iizM&z&timmbtzmz®mm£&&£L ims^cox y^i^mr^mxmM^w-. 

ft. *<0|Siftl 0#f§TC**>oft. ZZTZilCcmfa* 30 ^CoSCm • 7H 2 0=5wt%, H 3; BO3 : = 2w 

[408 9 j im%%mztifot&k*c uisi/f; (Sic o«fit^fc«^^inm+^c,oi*«4^ ; : 

Infet LftftV(^(Ebv^li, 0,1 o^tt« , ^^it^^tc^^fii&^g^-'P^iSStwJttis 

ft. iCt'iK^^W^//P-7©<0^(*t«^:|,i 7®X'\i- lOVfeLh^ffcoft; CtOittiV/^: 
tfcts; : .. - T®0^tS|^LTV^ftlS^^XA>mi^^^; 

io 09 03 mz%®&m£mj8.i-&®t: pamws; itmt^mmm^zmm^mm ix\>&Z:. 

AuKk Uft^^^ffiftU^VTtt. Hl 0<0ftm k S:^|U-CV^. . ; ; , ^ 

(q) t^t-fti^l^fZ^S^Ji^bft^fc^i 40- [0 097] (3) ±ffi ( 1 ) ( 2 ) n«Bi:bftO ! 
tft . : Z<6mj 1 0^-CJb-? ft . i i-CiiX. , t ^ t>^T'^;W-70>v ©&V©<0«flsS:ffl.f Uftin 

ovvt, att^¥i{^&fflvVT4o»^«?ffLft o=5vvt%v.H3 Bps =2™tmm&£&^ , 

../;P-rO)<?)»(*:Cov XT «0 9,t^ LftJ: p * 1 5V<03£a ( 5 OH z ) ^^mm^.^ -t iz 

izm^m^r/yA^^h^^f^z^, £ =905, u ) 3 Kmvmtzc onmM^^ 
am^ii. tfimAsiim^^^m^x^ Ltzmm&itit:. : • 

>5r*^ft. ^tri^i^ffifcmiik^tti^ (0098 ] <Xt=a4{c^J;d>5rRI^ISrt-C^^5K: 

tt*ia*i^i"^ii'(«iHrT'i , zr, Kb. Ta ^/^-.^iftfts*^. ■**mmsm***tj'. 

HftUMo) S-^-f JiSttOAlXA^SiiX^SC: 50... S^i&gJCiSS+taSLv \#2J&kVA Sfrhft*-, 
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if** 1 0 s c c m$A LTKJ5£8rtcoE:ft£ 5 0 0 
4 0 0-8 0 0 TUtLfc. 

[ oo 99 1 izmmfebtitit: im#zmx'g4 4*> 

^^■y. iiB^ r-b^-i^y, -Kfl^. ifd± 

^y-fe'i/tOlS^'XSri^l 0 s c cm^ALTKfS^g 
fiI^iE^i£- 10 0 0 P a t LT 2 0#l^{Rft b£ . * b 

[0 lOO] : IWfflLfc£ftoSft*FE^SEM (F 10 

i e 1 d Emi ss ion-Scann i ng E l 
ectfon 'Mi croscope : ItfM&tfi^SE 

•C; *«*^j«*ffl?t^j{H T MfiJri<: I/O Mfc; • . • 

[oioi] tnzv, xfytfy-ztfxmgr&im. 

mttMm. T-t+vv^ jl+uv^ Kis-gy, xyya 
1 6 io 2 ]^mt^-^y±y^a.-zr^/M x& 

•5'tCiSSLfc. 1 0" s To r r 

-^^/^-^^^m^aii^iii^b/i; • ••• - 

t o i 0 3 3 iyiJtKMt UT. amtt^£#fsg-. ! 

i-^-yi^b.-^^yi'^i^TMmmmb- 
imix^&zi-tfyi-si-?.-7 n tmms.tL. ? 

A^7'<S>?®Rlf®<r)i)-#y'f J1- 3.—~f^rt4 xiz 40 

fcl/CMfeUi; -'■ - '"- ' . '. 
1 01 b4]^iS«, ^-7*0), ©&tf©c6;5p-tf 
y^y^i^r^^tci^t Ji: i o o vepjd*^ r 
V^itif^itiiiV^K 2 0 0 VEPSncD|g<oi|«M : 
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[ 0 1 0 5] M<or t &&fc&9fc>?>'C4 XltffrlttU 

toio6] < 4 ) _hfs ( i ) x-wmLimtmt-m 

t/;P-rdW«(:JfflILit. <r<0«flc$-Hi : He 
= 2:98 (fmSt) <nmt*IX*X'5 0 0"CT1 tiffl 

toSmbtz®. ±K ( 3) tpm:i/c^-#wv?- 
<Sxom*%m->Xim Ltiij-^yi-J ^ *-?t>m 

mm$ tattzmbS: m^xnm Lfzn-#yi-s ^ 

$i>±#u *tzmmmtii-xy±;i-a.-7t 
[oiofimsbM2 

i. mmi nmmitmiit bxmwitisi^x^- 

o®£m*Mzimo . 1 u mfiMb1i&; R t^Srt 

omzfz&mbx ^ i yc ommmzfm&x e^-c 

X* vM y?%m±RF%}}4 O QW: Ar -5mT 

[0108] i^t:.* <o$ft^ o . 3 M^i-i. ^SUS^ts: 
au;;-i v 7x:fci^tfeii*»^|8Mlfe, p t s-j§tg; 

J: Ofi«ltaifc:A 1 ^rt*te$ti^fi^«^S) 
^ .*^#NW^> : tt:ti(>* ; t «Jt«#^UlT^jfe:' 

mftrnTZittc- ^^fa^2^fat'*>v,)t. . : 
[ oi ^ •«> 3 i^aijLco/vS- iftf i. jfefet 5 w t %n&. 

c m^t^b:'mmt i?mx%$x o 
i o i t o j •««i£oi^*iaiii^R«a^i«'- 

SU; i-ffiK^ffiiifeitX^#Af?4 5*>4>*|g^ 
S- 2 0 s c c ni^X LTKiC^rtcOJBE^ $• 5 0 0 P^ 

loin rmmt^btitk. "^mx^i-uy^ i o ■ 
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%®&fi<DEj]* 1 0 0 0 P a|C LT 2 0#|S1&8 U 

*Lfc fc i * WLaj^fe^-jKyt y 
« UC v * y;N .f-a-^fllffiJR 1 0 n m , 

Wife. ioit*4»J^jq»^*«Wi«it«i. 

[ 01 1 3 ] \^t^zfi-^V±J^-^T>M7.<r) 

mmm^htuh. wm\ mmm&c out 

gUc. ; ^T^yA-f^ip- s To r rem 
L£&s ^l^teBt iE«m?: EpJn I/O ^ . #-*y 

[0 1 1 4] ^»fi«»V5-0VBtt«4»6*W^6#'. 

«aij3^i± t#>. 200 vgjjni^o^ajmsifiJiiiMP! 
i o¥^eitC2b&^ #-#y+y * - -/zmzft. 

^*jEW©r/^ xlsmWJtte LT+ft&ffg**- 

-rscit^ig^n^. j; .... . - 
[oi 1 5] mm\<»i]-xy+;*j-~7£m^% 

[01 1 6],Sltfe^3.; , ■ 

i vim ^texy+sif- s.-T'ommt com*: 

[ 0 11 7 ] ISftfc.tyt^tU&mmHS 10 0 mm 
Clem ) <9pSai£&£fflV\ ItJSffiSri^-r S^: 
ftfcpffiS 1««coSBd£a 1 BS£ftl jumj^lyt> 
&4 OOW^kU^^^S^ 3>?? h *f^SI 

[0118] >etT3£*^-5K= l 0%. 7*3-/1' 

SSSfl^B#^.m^fflliS: 1 0 mA/cm 2 J: 5 

I P AipCt v<0Xgtci ») s i&3ffctt 
S6 ( a ) ^^3^Sn m^iBcl 0 nmfttB^tfJB 
j£$*u ^^muiv&s i «)ff22 2ti-?Ti:c 
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[0119] £WSfc*£^S£f«fciiELT££K 1 
0- 6 Tor r&fC&SiT'g^lS U ±ffi(wSfiaa 
3S3£g;£fc± DFe.SrO. 3 irajRttLft. «t LTKS 

g&stf&t. H6 ( b ) eoxo i-MLwzimmn 

7-2 3#A m.A,m&t%?fci 
[012 0 ] ^C«OS^i04 (c^t^i^eKtftcit- 
SU i-f tfXiSA'g^ 5^&*$tfXg -2 Qscc m 
&AlZKfo®&ft(DB&]£ 5 0 O P a \Z * LX . 

##33£ L 1^ y ^ 2 ; 0 v SACjG : m^A UT^JC 
£Sft«>jiE$£2'Q;0 0 P atq.J>T2 0^ra«l$t. 

• [0121] J«ffi^|^ajH^tC;p. N i ^ 

20 fcC^>, ftt&fc LTF e , C oRtfN i arfflV^r^K 

[0122] ftfeF e . C o&tXN i ^ffly^jCfmL . 

^'-rtt^SU. g&b¥nTRr>mmt)*ti> 0 ; 1 mm: 
30 S:10-8Torr fcgf^ t)t^f(6l^5 ; jE«DmEt&, 

[0123 ] f 151 o o yw#^4s*aa 
^-^m\z^^mt )m Cx 1 

[o 1 2 4 ] Zhiitt-%y$j%*Tf^mmz-itf 

40 gtmnrw x\m?ikmb Lxmftfzmm3rr 

101 25} mi&WA, . / ; •; . ... : 
<xt:t i pffi*-^y^yf-i-yx^-^«?f8^i:-e. 

[ 0 12 6 ] £?^X'bZffiBttS i ^x/\-±(Cia 
7 (a) «J:3fcUi<>h71 -('VM.httfk AZ) 
SrXt-f-lcA.OO. 5-1 jumcoffiMg-CM^L. 

50 filK^TP^hihO- (WS^y) W 
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5*7 2t-mvz. zixwktryx-z^yi-yymw. (Ttva-m 2 2 -taeuasm^ 3 

fc&A tf Pv'Xh &tfmftfrt> S i "JrxAHfrx-yf- •fa-7'2 4-ftSl8 7-mS8 2c0«lr«^$ i *lt 

*V X V^j/fctf&SF* #X#5 P a. RF^V [0135] Jjj^jft****-^ X**fff«tt' 

[0127] C<0^&«tian#J^iltSt:^l -WBHfcMWLfc. **>*S&tSS-mff!&ttl;:lifl 

n («Byt 1: i > * i nmcoi$.$izj£mit.z. ntKMri/tisi): h y^tvmjmtir^mt 

U-CH7 ( c ) frmmmiLTi 3 tv*:. - c 0 1 3 6 ] ^m^m^zfimmw&^^mz 

rat-u. ■ i-ttfxmX f §4 5 frt>jm/fX*; 2 o ; s c c £f£g?-s t 1 tf^y?- x-?iip&<?m 

mmXVXW&g&mi&Ji: 5 0 0 Pa fc tfc; ^ L r &&fi» £*OrtlBL t u < Ji*HSfcm$it&#£> 

T#^ll7>rMTL-C»flqag^7 0 0X:kU ffi fii^&il3^<&S.. ; 

SA^feLfcf*,. §?£9 0%*-S?<0T-bf- UX^X?r 2 [0137] dO<fc 5 IC^^jaiSjefSe^S-^?^ 

Osc c m&XLTKJ&SSSrtoJEEM 3 0 0 0 Pal: ^^--ify-^-y f-j I .-y , <o-/j iajttJi^5 y^v £/ok§ 

ttwzm&lti. ■•• ■ ' : ■■' •• " 20 v\ .-; . v':.- : - . 

[ 01 2 9] m-jhXdi(^***PE'^SEMfet#' [ 01 '38 ] *fc;fr^tfV*>**-7**frfc-t>*J& 

XiSfct-ZZ-: 07 ; Cd ) fttftX o\fk7 2^^ ffl-f S^^V^, 3S«^)»»-"C'li^-iK>^y^A 

Onratifc^i ,V> ; [01 3 9] ^B^o^lfy^yf-a-^/N'ifx 

imkittVttW'fai^v-hmb u&r'&f: <■ ^m&^tx^hmii^mmitix^i. z 

mv AFM^iicofe^-^^y^i^-rt ipMfc lx. z&)Xo^mk^^t^uximwmm.r 

to i 3 1 ] cindKfitlffliti^^-^y-tyf-i- *-^^yf- JL -y^i«*^^9}ffls+-c'^ 

[013 2] J|ji0|5 w * [014 0] 

^(2 h>^a^-^>-^/^ A -^rA^X^«M ; - [I6W056*] (1 ) &ot} 

i oi 33 1 *r&m.i> u<\%m&<r)m8 o±t mt>nii • ^ > . 

:; i (3)«*WT'fiO^^ftSSTIW^AFM^<0^ 
[0 1 34 1 4fc. ffl?Lrt(ctitt«Ej@gt^2 3*<»X r : : ' 

*^-Ky^y f-i-^2 4ti««j@f!^^m*» ( 4 ) *-4fy^y^a^^WfflL^aoKi>*>p 

T-S'MtT^S. 4^S8I8 2£fr^£\m\,i&m? [014 1 ] ( 5 ) 

5rStttfc^. ^-<0±^)*-yff y^k^24 x.~7t'U xizmtx. m&k^it i J.Z r , N 

S2 2±fc{iteMHS3-KK8 3^f^nTv^6. i ; b^tfjgmKU tmxo&mitiiUjzA 1 <d • 

TiJ 0 « i oTmfii8 1 km&8 2^i^g8 1 -^"50 t:ffi&i±^ T^5^Kt#i:e*ffi<0?g^ttA^T* 



(15) 1-194134 
27 28 

[01423 ( 6 )JfcffcfcLTpfiS.i3^f^ft (08) ( a ) Y>*iVmA-Xy*/**.-77>V 

tfflv>/i«^. pi$;,V#ffl5i(8Mkt"^t-c-s i x^-m^acoffiB^Btot-^i,. ( b > us 
ms i mwizmg, izmm-i z t #vi& . * lt .to xo a A*s8rE0-c* s . 

;frfltt#ifc$^^fc#-*y-fy f-a.-T'Sr [0io] s^o*m*^^««tt«jia±t3A 1 

[0143] ( 7 ) mm.&$iffib*;-X> J >-/+jL.~7 [0 1 1 ] 02 ( a ) 0>#-#y+j +3.-7^ X 

tzfflmmk¥ZMbxmmbmkfz%&: mm <mmzm\^m&£iitrc&W(?>mmffimxh 

■ ( 8 ) 4 fc> ---Ky^>^-i-y t SSttklfiifc <r)H5*. ■ l l * : y r A 

VV*)Vifc-&bltztl-#>-f;i-i.--fT 1 2 a-~l 2 c tf-tfy^y-?-.*-:/ 
><<f*ii. ft»hy*^rA4x^fNSt'iJ:TffJt 20 2 0 «ft 

21 *«tt^Ba$8US-fSif (SMHfcgffiJi) 

iwffivy&M&mwi . ... 2 2 mm 

[Hi ] t-xy^y^-jmmmwmm 23 mmm.? 

TS>>). ( a ) -X> 7 r * ( b ) 2 4 *-^y+yf-jt.-y 

ttjracrt^t^r^^^V^^V^^f- 25 

.x-7\ (c) <2v/W-'>*-/l' -f/f-i 26 AIM 
-7", (d) (i^y*0^*-;M#-;K:y) -?v^.x 3 5 ISKJl 

-f&jfrt. 41 rae^s 

[02] ^-^^yf-jL-yrAWXCOfll^^-m 42 li 
*f»BT*9» U) JiS^ »mtt^ffi?:ff«-rS 30 4 3 #tt$iRIK« .... 

mmmim^Mm: (c)\m%^Mi:im 45 ax^x^ 
-rtm.nmM^Mkm. (d)nm,mmm . 4 6 m%y^y 
mmm-hm. mm<$-%ttm£7Tct - -- . ,47 mm>? ; 
[03 ] *>*4^i;#-#y^y**-rf am* 48 meiy- 

6O«lfi!tiSr^rr«5CSW80Tft9> :< a ) tig*. 4 9 I^MtittliB 

< b ) ummm&mmm&hmsm. <c> v 71 w/xh 
timm^Mti^. ^^mim^&m^ 40 80 m 

WWH-^flWEftlJt^. • \ . 81, 82 ■ Wi : ■ ,;! '"^-'" 

[04 1 x-xy-fsf jL-7-ff)&-ms<o-m^^t 8 3 lentta-HS ■.■>■■:. 
travs. -87 mm 

[05] r/i^s+am.^ffl^Sffi^-^y-f/^a- 91 f£*?M 
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